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Abstract. This paper empirically investigates the development of cross-country diﬀerences in
energy- and labour productivity. The analysis is performed at a detailed sectoral level for 14
OECD countries, covering the period 1970–1997. A r-convergence analysis reveals that the
development over time of the cross-country variation in productivity performance diﬀers
across sectors as well as across diﬀerent levels of aggregation. Both patterns of convergence as
well as divergence are found. Cross-country variation of productivity levels is typically larger
for energy than for labour. A b-convergence analysis provides support for the hypothesis that
in most sectors lagging countries tend to catch up with technological leaders, in particular in
terms of energy productivity. Moreover, the results show that convergence is conditional,
meaning that productivity levels converge to country-speciﬁc steady states. Energy prices and
wages are shown to positively aﬀect energy- and labour-productivity growth, respectively. We
also ﬁnd evidence for the importance of economies of scale, whereas the investment share,
openness and specialization play only a modest role in explaining cross-country variation in
energy- and labour-productivity growth.
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1. Introduction
Over the last decades increasing attention is paid to the role of energy in
production processes and to its importance for economic growth. Energy
consumption is, however, also an important source of greenhouse gas
emissions. Most governments in OECD countries explicitly recognize the
need for sustainable development and aim at a decoupling of economic
growth and environmental pressure. In a more operational sense, this
underlines the importance of sustained growth of both labour- and energy
productivity. Productivity growth is thought to be determined not only by
country-speciﬁc characteristics, such as investments and factor prices, but
also by developments in the outside world. Therefore, an important issue in
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understanding long-run productivity performance is whether the process of
economic growth tends to involve reductions in productivity diﬀerences
among countries, for example, due to diminishing returns to capital accu-
mulation or technology transfers. In this paper we explore diﬀerences in
energy productivity across countries and across sectors, and compare them
with diﬀerences in labour productivity. Are these diﬀerences decreasing, or is
the gap between leading and backward countries getting larger? Are patterns
of energy-productivity similar to those of labour-productivity convergence?
Do relatively ineﬃcient countries catch-up with technological ‘leaders’ in a
globalizing world? And if so, how quickly and by what means? We aim to
answer these questions by simultaneously carrying out an empirical analysis
of cross-country energy- and labour-productivity convergence at a detailed
sector level, using a new dataset that merges energy data and economic data
for 13 sectors and 14 OECD countries, covering the period 1970–1997.
In several respects, our paper diﬀers from previous empirical research on
cross-country productivity convergence. It extends the empirical macroeco-
nomic convergence literature to energy-productivity developments (see also
Miketa and Mulder 2005, for a complementary paper1). In spite of many
existing cross-country studies on energy-productivity or energy-intensity
developments and its determinants (for example Howarth et al. 1991; Miketa
2001; Schipper and Meyers 1992; Unander et al. 1999; Mulder and de Groot
2003a), systematic analyses of convergence from amacroeconomic perspective
are rare. Hence, we add to the existing literature a systematic comparison of
energy- and labour-productivity convergence, whereby the latter mainly serves
as a point of reference for our analysis of energy-productivity convergence.
Furthermore, we do so at a detailed sectoral level. By looking at cross-country
convergence patterns within sectors, our analysis diﬀers from virtually all
convergence studies in the empirical growth literature, since they employ
aggregate data. Important exceptions are sectoral studies by Dollar andWolﬀ
(1988, 1993) and Bernard and Jones (1996a, b) who – using (partly) the same
data source as we do (OECD’s ISDB) – conclude that a convergence analysis of
aggregate productivity levels masks substantial diﬀerences at the sectoral level.
An important underlying reason for this result is that productivity levels,
measured as the ratio of value added over a unit of input (viz. energy and
labour), can substantially diﬀer among sectors because some activities require
inherently more capital, higher labour skills and/or technology than others.
Aggregate productivity trends are therefore not directly attributable to tech-
nological change in individual sectors, as they can also be the result of changes
in the distribution of production factors among sectors. Our sectoral approach
corrects for most of the impact of such changes in the structure of production
on aggregate productivity developments and, hence, establishes a closer link to
issues concerning international convergence of technology driven productivity
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performance. Our analysis diﬀers from the previously mentioned sectoral
convergence analyses in comparing labour- and energy-productivity conver-
gence, in further disaggregating the manufacturing sector into 10 sub-sectors,2
in using more recent data and in carrying out a more extensive search for
country- and sector-speciﬁc factors to explain productivity convergence patterns.
The paper proceeds as follows. Section 2 discusses the theoretical back-
ground for this paper including the diﬀerent notions of convergence that are
found in the literature. Section 3 describes the data used. In Section 4 we
analyze the development of cross-country diﬀerences of energy- and labour-
productivity levels within sectors over time. In Section 5 we use a panel-data
approach to test the proposition that sectoral growth rates of energy- and
labour productivity are inversely related to their initial levels of energy- and
labour productivity, indicating possible patterns of catching-up. In addition,
we try to identify the country- and sector speciﬁc fundamentals determining
(diﬀerences in) energy- and labour productivity developments. Section 6
summarises and concludes.
2. Theoretical Background
The concept of productivity convergence has its roots in neoclassical growth
theory, with its central notion of a transitional growth path to a steady state.
The evolution of the literature on economic growth and productivity devel-
opments has resulted in a broad consensus on which are the key factors
driving productivity growth across countries, and thus determining patterns
of convergence and divergence. To structure a brief discussion of this issue
and illuminate the various factors and mechanisms that may aﬀect cross-
country energy- and labour-productivity diﬀerences, let us take a neoclassical
Cobb-Douglas production function:
Y ¼ AKaLbE1ab ð1Þ
where Y is output, A is technology, K is capital, L is labour and E is energy.
Assuming that each input is paid according to its marginal product, Equation
(1) can be rewritten in terms of average energy- and labour-productivity as
follows:
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with r, w and pE representing, respectively, the rental price of capital, the
wage rate and the energy price. From these equations it can be easily seen
that cross-country diﬀerences in energy- and labour-productivity may arise
from diﬀerences in factor input ratios, (relative) factor prices and the level of
technological development. Concerning the dynamics, these diﬀerences may
change over time as the result of factor accumulation, factor price changes
and technological change, which in turn can be facilitated by processes such
as trade, foreign direct investment (FDI), learning and market conditions.
Thus, these phenomena are among the key factors causing cross-country
productivity diﬀerences to change over time, leading to patterns of conver-
gence or divergence.
Returning to neoclassical growth theory, the Solow-Swan model (Solow
1956; Swan 1956) postulates convergence of per capita income, driven by the
assumption of diminishing returns to capital accumulation at the economy-
wide level. The dynamics of the model imply that initial diﬀerences in per
capita income and capital endowments vanish in the long run. In the steady
state, diminishing returns are oﬀset by technological progress, the principal
source of long-run economic growth. The new or endogenous growth theory
(Lucas 1988; Romer 1986, 1990) yields a more diverse picture concerning
patterns of convergence. It builds on the notion that capital should be con-
sidered as a broad concept, including human and intangible capital. In this
theory, economic growth is driven by accumulation of knowledge or human
capital, which is (at least partially) a public good. Hence, cross-country
convergence depends on the extent of international knowledge spill-overs,
allowing less productive countries to catch-up with more advanced econo-
mies. As such, endogenous growth theory supports the old hypothesis of the
existence of an ‘advantage of backwardness’ (Gerschenkron 1952), suggesting
that being backward in productivity carries a potential for rapid advance
(see, e.g., Abramovitz 1986). At the same time, endogenous growth theory
suggests that growth diﬀerentials may persist or even increase: learning
eﬀects, externalities and market imperfections allow for economy-wide
increasing returns to capital accumulation and the existence of multiple
steady-states. Moreover, there is some reason to believe that technology
diﬀusion and knowledge spillovers are local rather than global (see, for
example, Keller 2002) which raises the possibility that convergence patterns
depend on the spatial dimension of technological progression.
A mixed view on convergence patterns also emerges if one takes into
account the role of international trade and FDI. Trade and FDI could
enhance cross-country convergence through knowledge diﬀusion and thus
diminishing cross-country diﬀerences in technology level, and through con-
vergence in factor prices via increasing international competition. On the
other hand, trade and FDI could contribute to cross-country divergence by
stimulating diﬀerential factor accumulation across countries, for example,
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because trade advances international specialization (Grossman and Helpman
1991). These various approaches generated some degree of controversy
around the issue of convergence and caused the convergence hypothesis to be
the subject of extensive empirical research.3 In this paper we do not go
further into this debate, but focus instead on the cross-country diﬀerences in
energy productivity, whereas the empirical convergence literature focuses on
convergence of per capita income, labour productivity and total factor
productivity.
Our focus on the development of cross-country energy-productivity
requires some additional discussion on the driving forces behind the evolu-
tion of diﬀerences in energy productivity across countries. In a recently
developed augmented version of the Solow model including pollution
(emissions) as a joint product of output as well as technological progress in
abatement, Brock and Taylor (2004) show that one can expect cross-country
convergence of emissions per capita as nations get richer. They argue this to
be in line with the empirical evidence on the existence of an Environmental
Kuznets Curve. This pattern of emission intensity convergence is caused by
the joint forces of output convergence and technology catch-up, possibly
enhanced by sectoral shifts away from heavy industry as well as reduced
cross-country heterogeneity (for example in terms of population growth and
savings rates). But, contrary to emissions, energy is an intermediate input
into the production process rather than a joint product of output. This
implies that unless energy is strongly complementary to capital, there is not
much reason to believe that diminishing returns to capital (in some aug-
mented version of the Solow model including energy) are an important
source of energy-productivity convergence across countries.4 However, from
classical as well as recent empirical research, it is well known that techno-
logical change, prices and changes in economic structure (sectoral shifts) are
key determinants of aggregate energy-productivity growth (see, for example,
Berndt 1978; Jorgenson 1984; Schipper and Meyers 1992).
As noted above, knowledge spillovers and international technology dif-
fusion – possibly facilitated by (increasing) international trade and FDI –
may lead to processes of technology catch-up which in turn can be a
potentially important source of energy-productivity convergence. In any
case, since productivity growth is primarily driven by technological change,
the evidence of conditional convergence reported in this paper suggests that
patterns of international energy-saving technology ﬂows exist, while at the
same time they seem to be limited and at least to some extent sector-speciﬁc.
Obviously, decreasing cross-county diﬀerences in energy taxation aﬀect
energy productivity through the (relative) ﬁnal prices of the input factor
energy, and depend, among others, on (cross-country diﬀerences in)
government policies, institutions, openness, trade and market conditions.
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The role of (diﬀerences in) economic structure on aggregate energy produc-
tivity growth can be easily seen if we decompose the ratio of output to energy
according to:
Y
E
¼
XS
s¼1
Ys
Es
Es
ET
ð3Þ
with s denoting the sectors of the economy, S indicating the total number of
all sectors considered and ET representing total ﬁnal energy consumption. So,
Equation (3) says that aggregate energy productivity is the sum of the energy
productivity of each sub-sector (the ﬁrst term on the RHS) multiplied by the
energy share of each sub-sector (the second term on the RHS). The ﬁrst term
on the RHS is sometimes referred to as the structural eﬀect, and indicates the
eﬀect of changes in the structure of production on aggregate productivity
growth. With shifts away from (heavy) industry to services as countries get
richer, the resulting decreasing cross-country heterogeneity in the economy’s
structure may lead to decreasing cross-country diﬀerences in aggregate
energy productivity. Of course, a similar argument applies to labour pro-
ductivity. Finally, several authors have stressed the fact that changes in
energy mix are an important source of aggregate energy productivity devel-
opments, because some energy types (such as natural gas and electricity) are
more eﬃcient than others (such as coal and oil) in terms of available energy
(see, for example, Berndt 1978; Cleveland et al. 2000; Kaufmann 2004). This
can be illustrated with Equation (3), if we assume s now to represent various
energy types and S the total number of diﬀerent energy types used in the
economy, with ET representing total ﬁnal energy consumption (expressed in a
uniform unit such as ktoe). Then aggregate energy productivity is the product
of the relative eﬃciency of the diﬀerent energy types used (the ﬁrst term on
the RHS) and the relative shares of these diﬀerent energy types (the second
term on the RHS). Hence a decreasing cross-country heterogeneity in the use
of various energy types is expected to contribute to cross-country conver-
gence of aggregate energy productivity.5
Apart from the factors that may give rise to energy-productivity conver-
gence, it is important to assess whether countries converge to a global or a
local steady state. To address this question, the concept of conditional as
opposed to unconditional convergence has been developed in the literature
on convergence. The former concept posits that countries all converge to
their own steady state whereas the latter assumes the existence of one steady
state that is common to all countries. The empirical growth literature has
found strong support for the notion of conditional convergence or club
convergence (see, for example, Durlauf and Johnson 1992, Chatterji 1992,
and Quah 1997 for seminal contributions). From this literature it follows that
convergence can be understood in terms of levels and growth rates, which
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translates into a distinction between so-called r-convergence and b-conver-
gence (for example, Barro 1991, Barro and Sala-i-Martin 1992). The former
refers to a decreasing variation of cross-country diﬀerences in productivity
levels, while the latter suggests a tendency of countries with relatively low
initial productivity levels to grow relatively fast, building upon the proposi-
tion that growth rates tend to decline as countries approach their steady
state.6 In this paper we will explore both patterns of r-convergence and b-
convergence. Moreover, we test whether energy- and labour productivity
convergence is conditional or unconditional and which are the factors
explaining (cross-country diﬀerences in) labour- and energy productivity
growth.
3. Data
The analysis presented in this paper is based on a newly constructed database
that merges energy data from the Energy Balances as they are published by
the International Energy Agency (IEA), and economic data from the Inter-
national Sectoral Database (ISDB) and the Structural Analysis Database
(STAN), both published by the OECD.7 The main idea behind the con-
struction of this database is to establish a link between economic and energy
data at a detailed sectoral level. This results in the sector classiﬁcation as
described in Table I.
The database covers the period 1970–1997 and includes the following
countries: Australia, Belgium, Canada, Denmark, Finland, France, West-
Germany, Italy, Japan, the Netherlands, Norway, Sweden, United Kingdom
and the United States.
We measure energy productivity by gross value added per unit of ﬁnal
energy consumption and labour productivity by gross value added per
worker (in full time equivalents). Value added is the net economic output of a
sector, measured by the price diﬀerential between the price of output and the
cost of input and comprises compensation to employees, operating surplus,
the consumption of ﬁxed capital and the excess of indirect taxes over sub-
sidies (OECD 1998). Following the IEA, energy use is deﬁned as ﬁnal energy
consumption in kilo tonnes of oil equivalence (ktoe), with sectoral data
excluding transformation losses. Total employment is measured in the full-
time equivalent number of persons, including self-employed.
Moreover, the database includes data on Investment, Energy Prices,
Compensation of Employees, Export and Import – all at the sectoral level.
The sector-speciﬁc energy prices are constructed by dividing sector-speciﬁc
expenditures on energy over total sectoral energy consumption. The sector-
speciﬁc expenditures are calculated as the product of the sectoral consump-
tion of the four main energy carriers (Coal, Natural Gas, Electricity, Oil) –
available from the Energy Balances – and the (annual) price of each energy
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carrier at the aggregate industrial sector – available from the IEA Energy
Prices and Taxes series. In addition, some missing aggregate energy price
data series have been constructed (see the Annex to this paper for details).
Detailed descriptive statistics per sector and per country covering the growth
rate of energy- and labour productivity, the log-levels of energy- and labour
productivity and of GDP, and the levels of wages, energy prices, investment
shares, openness, the Balassa indices and sector shares can be found in the
Annex to this paper. The latter four variables are introduced and discussed in
Section 5.2.
All currency-denominated variables are in 1990 US$ and have been con-
verted by the OECD using 1990 purchasing power parities (PPPs). In prin-
ciple, the theoretically most appropriate conversion factors for productivity
comparisons at the sectoral level are to be based on a comparison of output
prices by industry of origin, rather than on expenditure prices (see, for
example, van Ark and Pilat 1993). Expenditure PPPs exclude the part of
output that is exported, while they include imported goods produced else-
where; they take account of diﬀerences in trade and transport margins
and indirect taxes between countries, and they do not cover intermediate
Table I. Sector Classiﬁcation
Sector Abbreviation ISIC Rev. 2 code
1 Food and Tobacco FOD 31
2 Textiles and Leather TEX 32
3 Wood and Wood Products WOD 331a
4 Paper, Pulp and Printing PAP 34
5 Chemicals CHE 351+352b
6 Non-Metallic Minerals NMM 36
7 Iron and Steel IAS 371
8 Non-Ferrous Metals NFM 372
9 Machinery MAC 381+382+383c
10 Transport Equipment MTR 384
11 Construction CST 50
12 Services SRV 61+62+63+72+81+82+83+90d
13 Transport TAS 71
14 Agriculture AGR 10
aWOD excludes furniture since the sector WOD in the IEA Energy Balances excludes furni-
ture.
bCHE includes non-energetic energy consumption, i.e. using energy carriers as feedstock.
cMAC = Metal Products (BMA, 381)+Agricultural and Industrial Machinery (MAI,
382)+Electrical Goods (MEL, 383).
dSRV = Wholesale and retail trade, restaurants and hotels (RET) + Communication
(COM) + Finance, insurance, real estate and business services (FNI) + Community, social
and personal services (SOC).
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products. The main problem in using the production or industry-of-origin
approach, however, is the limited availability of producer-price based PPPs,
in particular for non-Manufacturing sectors (van Ark 1993). Moreover, we
have no a priori reason to presume that the drawbacks of expenditure PPPs
diﬀer substantially across countries. Hence, we follow most studies in using
expenditure PPPs. This enables us to do a systematic cross-country conver-
gence analysis of energy- and labour-productivity performance at a high level
of sectoral detail. Obviously, the results presented in this paper should be
interpreted with caution, bearing in mind the before mentioned issue (see
Sørensen 2001, and Bernard and Jones 2001 for a discussion).
4. r-Convergence
This section deals with the notion of convergence in terms of levels. Do cross-
country diﬀerences in energy- and labour-productivity levels decrease over
time? Are patterns of energy-productivity convergence similar to those of
labour-productivity convergence? And to what extent do the results depend
on the level of aggregation? To answer these questions we calculated for each
(sub-)sector – based on a balanced sample of 14 OECD countries (insofar as
data are available) – the yearly unweighted cross-country standard deviation
(r) of the log of energy- and labour productivity.8 Table II shows the results
for the years 1976 and 1990. Results for the entire time span for which data
are available are graphically presented in the Annex to this paper. None of
the results described in the remainder are peculiar to the choice of the two
years for which the standard deviation is presented in Table II.
The macroeconomic development of the standard deviation of the log of
‘energy- and labour-productivity levels (with ‘macroeconomic’ referring to
the sum of aggregate Manufacturing, Transport, Services and Agriculture)
reveals that cross-country diﬀerences in energy-productivity levels are sub-
stantially larger than cross-country diﬀerences of labour-productivity levels.
Moreover, it can be seen that over time the standard deviation of the log of
energy-productivity performance is increasing, indicating r-divergence, while
the opposite is true for cross-country labour-productivity performance, dis-
playing a pattern of r-convergence.
As we noted in the introduction, a convergence analysis at aggregate levels
may mask considerable variation in sectoral productivity developments (cf.
Bernard and Jones 1996a, b; Dollar and Wolﬀ 1988, 1993). Therefore, we
continue by examining the development of cross-country productivity dif-
ferentials within diﬀerent sectors, viz. (aggregate) Manufacturing, Transport,
Services and Agriculture. It can clearly be seen that only Manufacturing
resembles the macroeconomic pattern of r-divergence for energy produc-
tivity. Transport, Agriculture, and, in particular, Services, display evidence of
r-convergence. Note that the cross-country variation is relatively high in
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Services, which is to a large extent due to the exceptional and so far unex-
plained energy-productivity performance of Finland and Italy.9 The macro-
economic pattern of r-convergence for labour productivity is only evident in
Services and to a lesser extent in the Agricultural sector. Variation in cross-
country productivity diﬀerentials remains overall fairly constant within
aggregate Manufacturing and Transport. Comparing the results for energy
and labour productivity reveals again that in each sector the cross-country
variation of energy productivity is substantially larger than of labour pro-
ductivity. They accord well with the ﬁndings of Bernard and Jones (1996a),
who by means of a conclusion suggest ‘‘that international ﬂows, associated
Table II. Standard deviation of log of energy-and labour productivity, 1976 and 1990
Energy productivity Labour productivity
1976 1990 1976 1990
Macroeconomic level a 0.261 0.294 0.210 0.171
Main sectors
Manufacturingb 0.444 0.512 0.212 0.204
Servicesc 0.839 0.605 0.220 0.172
Transportd 0.510 0.439 0.278 0.248
Agricultureb 0.492 0.320 0.305 0.256
Manufacturing sectors
Chemicalsg 0.519 0.557 0.366 0.265
Food and Tobaccoi 0.546 0.436 0.267 0.258
Iron and Steele 0.468 0.580 0.481 0.278
Machineryh 0.570 0.350 0.202 0.239
Transport Equipmenti 0.473 0.401 0.248 0.241
Non-Ferrous Metalsf 0.473 0.660 0.426 0.313
Non-Metallic Mineralsg 0.467 0.269 0.226 0.187
Paper, Pulp and Printinge 0.934 0.950 0.252 0.176
Textiles and Leatheri 0.359 0.300 0.203 0.190
Wood and Wood Productsj 0.887 0.848 0.362 0.225
aExcludes Canada, Japan, The Netherlands and Sweden due to limited data availability.
bExcludes Japan and The Netherlands due to limited data availability.
cExcludes The Netherlands and Sweden due to limited data availability.
dExcludes Canada and The Netherlands due to limited data availability.
eExcludes Australia and Japan due to limited data availability.
fExcludes Australia and Denmark due to limited data availability.
gExcludes Australia due to limited data availability.
hExcludes Australia, Canada, Japan and The Netherlands due to limited data availability.
iExcludes Australia and Canada due to limited data availability.
jExcludes Australia, Canada, France, Japan, United Kingdom and USA due to limited data
availability.
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mostly with Manufacturing, may not be contributing substantially to
convergence either through capital accumulation or technological transfer’’
(Bernard and Jones 1996a:1230). Our analysis suggests that this conclusion
holds even stronger for manufacturing energy-productivity performance,
where international ﬂows cannot prevent an increase in cross-country dif-
ferences of productivity levels.
The previous results raise the question as to what determines these
cross-country productivity diﬀerences. In our search for an answer we
subsequently take three steps. First, we go one step further in the
r-convergence analysis than Bernard and Jones (1996a, b) by examining
productivity convergence for a breakdown of aggregate Manufacturing in
order to see to whether the energy-productivity divergence and the lack of
labour-productivity convergence observed in aggregate Manufacturing is
also found within the diﬀerent Manufacturing sub-sectors. Second, we
perform a b-convergence analysis to test whether a statistically signiﬁcant
negative relationship exists between the initial level and the growth rate of
productivity, in order to gain a better insight in the mechanism behind the
observed convergence patterns. Third, we will try to explain diﬀerences in
cross-country productivity growth by examining the role of diﬀerent
country-speciﬁc variables in driving energy- and labour-productivity
growth at the sectoral level. The remaining part of this section is devoted
to a r-convergence analysis for a breakdown of aggregate Manufacturing
into 10 sub-sectors. The other issues are the subject of Section 5.
The lower part of Table II presents the standard deviation of the log of,
respectively, energy- and labour productivity for each of the 10 Manu-
facturing sub-sectors included in our dataset. The results reveal that the
pattern of divergence in cross-country energy-productivity performance at
the level of aggregate Manufacturing is to be found only in Iron and Steel
and Non-Ferrous Metals. On the contrary, Food, Machinery, Non-
metallic Minerals and Textiles all display evidence of (strong) r-conver-
gence. Cross-country productivity diﬀerences remain more or less constant
in Chemicals, Transport Equipment, Paper and Wood. It can also be seen
that the lack of labour-productivity convergence in aggregate Manufac-
turing is the result of mixed convergence patterns in diﬀerent manufac-
turing sectors. Chemicals, Iron and Steel, Non-ferrous Metals and Wood
exhibit (strong) convergence, while Machinery shows the opposite pattern
of divergence. The sectors Food, Non-Metallic Minerals, Textile, Paper
and Transport Equipment display no clear evidence for either convergence
or divergence.
In conclusion, cross-country variation of energy-productivity is substan-
tially higher than of labour-productivity at all levels of sectoral aggregation,
and in particular in Services, Chemicals, Paper, Wood and at an ever
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increasing rate also in Iron and Steel and Non-Ferrous Metals. In Machin-
ery, however, energy- and labour-productivity have strongly converged,
resulting in a relatively small – although seemingly persistent – diﬀerence in
the degree of cross-country variance. Moreover, convergence patterns turned
out to depend on the level of aggregation, with diﬀerent sectors displaying
varying behaviour: some show reduction in variation, some increasing vari-
ation and others neither a clear reduction or increase in cross-country dif-
ferences.
These results suggest that diﬀerent mechanisms may be at work in the
diﬀerent sectors. For example, the observed patterns of divergence might be
the result of increasing international specialization while the tendency to
converge might be caused by technology spill-overs from ‘leaders’ to ‘fol-
lowers’, allowing lagging countries to catch-up. Moreover, our results suggest
that determinants of energy-productivity growth and labour-productivity
growth might diﬀer from each other, since we found no clear-cut (and
sometimes even an opposite) relationship between cross-country convergence
patterns in terms of energy productivity and labour productivity. Finally,
even in those sectors showing evidence of convergence there remain sub-
stantial cross-country productivity diﬀerences, in particular in terms of
energy productivity.
A possible explanation for the relatively high variation in energy-pro-
ductivity levels across countries might be that cross-country diﬀerences in
environmental awareness (inﬂuenced by social pressure) or stringency of
environmental policies cause energy-eﬃciency improvements to be a matter
of urgency at diﬀerent degrees in diﬀerent countries. Another reason might
be a lack of international diﬀusion of energy-saving technologies as
compared to technologies enhancing labour productivity. This can be
caused by the fact that, in contrast with labour costs, in most sectors
energy costs form only a small part of total production costs and, hence,
ﬁrms do not have the incentive to search for best-practice technologies at
the international market, as opposed to labour-augmenting technologies.
Another explanation for the relatively high cross-country variation in
energy-productivity levels might be the heterogeneity in energy mix across
the OECD countries.
In any case, the observed cross-country variation in energy-productivity
levels suggests that convergence does not pertain to a uniform steady state for
all countries. In order to further examine this issue, we continue in the next
section with a search for empirical regularities in the productivity improve-
ments over our cross-section of countries by testing for sectoral patterns of
b-convergence. As part of that analysis we will also try to explain (diﬀerences
in) energy- and labour-productivity growth.
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5. b-Convergence
The concept of b-convergence builds on the notion that countries that are
further away from their steady-state level experience faster productivity
growth. An empirical test thus builds on a regression of productivity growth
on initial productivity. A negative correlation between the two provides an
indication for convergence, because it suggests that countries with relatively
low initial energy- and labour-productivity levels catch-up to more advanced
economies (see Section 2). A problem that one encounters in this respect is
the quantitative characterization of the steady-state productivity level. Sev-
eral approaches can be followed, each making diﬀerent assumptions
regarding the role of country-speciﬁc characteristics in driving productivity
growth across countries. In this paper, we show the results for two types of
analysis. First, we do a conditional convergence analysis, assuming produc-
tivity levels to converge towards multiple steady states that are conditional
on (unspeciﬁed) country-speciﬁc characteristics.10 Second, we try to identify
the country-speciﬁc characteristics that determine (diﬀerences in) energy- and
labour-productivity growth across countries.
Econometrically, we have estimated four diﬀerent types of models, viz. a
pooled Ordinary Least Squares model, a ﬁxed-eﬀects model, a random-
eﬀects model and a random-eﬀects model with a Mundlak speciﬁcation. On
theoretical as well as on econometric ground, there are good reasons to prefer
the ﬁxed-eﬀects model. The OLS estimation method is valid only under the
assumption that the error term is independent of the explanatory variables.
However, in the growth regressions that we will estimate it is very likely that
the error term contains all sorts of (unobserved) country-speciﬁc tangible and
intangible factors that aﬀect productivity growth.11 As a result, OLS esti-
mates tend to be biased and inconsistent in this case (Hsiao 1986). A panel
approach applying ﬁxed- or random-eﬀects models can be used to solve this
problem. This approach is capable of allowing for cross-country diﬀerences
in steady states in the form of unobservable individual ‘country-eﬀects’, thus
diminishing the omitted-variables problem (Islam 1995). Comparing the
ﬁxed- and the random-eﬀects model, the random-eﬀects model uses up fewer
degrees of freedom than the ﬁxed-eﬀects model and is conceptually appealing
because of its characterization of the sources of the errors in a dataset with
cross-section and time-series variation. However, in a growth context the
requirement in a random-eﬀects model of zero correlation between the
individual country-eﬀects and the observed explanatory variables is prob-
lematic, implying it to be an inadequate formulation in the context of our
study. This problem can be solved by explicitly specifying the individual
country-eﬀects as a function of the variables with which it is supposedly
correlated. This can be done by following the speciﬁcation suggested by
Mundlak (1978).12
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In conclusion, there is reason to believe that the ﬁxed-eﬀects model or the
random-eﬀects model with Mundlak adjustment are to be preferred over the
pooled OLS regression model and the normal random-eﬀects model. For
reasons of space constraints, in the remainder of this section we only report
the results of the ﬁxed-eﬀects models, using the Least Squares Dummy
Variables (LSDV) estimator. All other results for the four types of models
that we have estimated – including speciﬁcation tests that in almost all cases
point at the ﬁxed-eﬀects model as the model to be preferred – can be found in
the Annex to this paper. In Section 5.1 we report the results for the model in
which the country-characteristics are not speciﬁed, viz. purely modelled as
ﬁxed eﬀects. In Section 5.2 we go one step further and try to identify the
country-speciﬁc characteristics that determine diﬀerences in energy- and
labour-productivity growth across countries.
5.1. SECTORAL PATTERNS OF b-CONVERGENCE
As was just explained, we start our analysis of b-convergence by imple-
menting a ﬁxed-eﬀects panel-data model for each sector, regressing the
growth rate (g) of, respectively, energy- and labour productivity (y), on the
log of its initial level (yt–1) and unspeciﬁed country-speciﬁc (ﬁxed) eﬀects (ai):
git ¼ ai þ b ln yð Þi;t1þeit ð4Þ
with i and t denoting, respectively, the cross-country and the time-series
dimension. We assume eit to be an independently identically distributed
random variable with mean 0 and variance re
2. Following Islam (1995) we use
ﬁve-year time intervals in order to reduce the inﬂuence of business-cycle
ﬂuctuations and serial correlation of the error term. Hence, the growth rate
(g) in Equation (4) is an average over a ﬁve-year period. Because of nota-
tional ease we use the symbol y interchangeably for energy productivity (yE)
and labour productivity (yL). The proper interpretation will be clear from the
context.
In Tables IIIa and IIIb we present for each sector the estimated coeﬃcient
b obtained from Equation (4) for energy- and labour-productivity, respec-
tively, including various indicators and speciﬁcation tests, which we will
discuss below.13 From Table IIIa it can be seen that we obtain a negative
estimate of b for energy-productivity growth in all sectors, indicating the
existence of b-convergence. Moreover, the estimate is statistically signiﬁcant
(at 1% signiﬁcance level) in virtually all sectors.
Using the estimated values of b, the speed of convergence k at which the
productivity level is converging to a uniform productivity level can be cal-
culated according to k = )[(1/T)log(b + 1)] with T denoting the length of
the time interval under consideration, viz. 5 in this application. A convenient
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way of expressing this speed of convergence is the time t needed for the
energy-productivity level to move halfway its initial level (y0) and the steady
state productivity level y*. This period of time is commonly referred to as the
‘half life’ (H).14 The implied values of k are also shown in Table IIIa.
It can be seen that the individual country eﬀect explains between 16%
(Machinery) and 98% (Wood) of the total unexplained variance, as indicated
by q in Table IIIa. These results suggest that energy-productivity conver-
gence depends to a large extent on individual country-eﬀects, indicating
convergence to be conditional rather than absolute in virtually all sectors.
The estimated half life is between 1 year (Transport Equipment) and 14 years
(Total). Of course, these results raise the question as to what are the country-
speciﬁc variables that apparently are so important in driving energy-pro-
ductivity growth. Before returning to this question (in Section 5.2) we will
look at the results of estimating Equation (4) for labour-productivity. The
results are presented in Table IIIb.
From Table IIIb it can be seen that also in terms of labour-productivity
growth b is negative in all sectors. Moreover, these estimates are statistically
signiﬁcant in most sectors, with aggregate Manufacturing being an important
exception. These results conﬁrm the ﬁndings of Bernard and Jones (1996a)
who also report strong evidence for convergence in Services, weak evidence in
Agriculture and lack of labour-productivity convergence in Manufacturing.
As compared to energy productivity, in most sectors the estimates of b are
rather small, indicating that lagging countries catch-up only slowly. The
implied values for the speed of convergence (k) conﬁrm the ﬁnding of a slow
rate of convergence: the time needed for labour productivity to move halfway
its initial level (y0) and the steady state y
* varies from 47 years (Transport
Equipment) and 77 years (Non-Ferrous Metals).
Similar to the results for energy productivity, the individual country
eﬀects explain a substantial part of the total unexplained variance, as
indicated by q in Table IIIb. However, the evidence on conditional labour-
productivity convergence is less clear-cut than it is for energy-productivity
convergence. As compared to energy productivity (see Table IIIa), the
individual country eﬀects also play a smaller role in explaining total
unexplained variance in all sectors, of course except for Services and
Machinery. For labour productivity these percentages lie in between 6%
(Iron and Steel) and 62% (Services). In conclusion, these results suggest
labour productivity convergence to be also conditional rather than abso-
lute in most sectors. The evidence on the role of country-speciﬁc charac-
teristics is, however, more ambiguous than in the case of energy-
productivity convergence. Apparently, in terms of labour productivity the
variation in explanatory variables over time is relatively small as compared
to cross-country diﬀerences.
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As previously noted, b-convergence is a necessary but not a suﬃcient
condition for r-convergence. Our ﬁndings conﬁrm that those sectors showing
evidence of r-convergence (see Section 4) also display evidence of b-con-
vergence. However, the opposite is not necessarily true, as is illustrated for
labour productivity by the sectors Machinery, Non-Metallic Minerals and
Textiles: they pass the test for b-convergence without showing evidence of
r-convergence (see Table II). So, despite evidence of b-convergence, cross-
country diﬀerences in productivity levels remain to exist and even increase in
some sectors. Clearly, country-speciﬁc variables do play an important role in
explaining these patterns, as also shown by the presented evidence of
b-convergence. Recall from Section 2 that several mechanisms may be at
work, causing ‘followers’ to grow faster than ‘leaders’: advanced economies
may suﬀer from diminishing returns, lagging countries may beneﬁt from
knowledge spill-overs, production processes may converge due to increasing
competition, etcetera. On the other hand, persistent diﬀerences in, for
example, energy prices or wages, investment shares or specialization patterns,
may contribute to persistent or even increasing productivity diﬀerences
across countries. In order to explain diﬀerences in cross-country energy- and
labour-productivity growth, in the next section we extend our b-convergence
analysis by including relevant country-speciﬁc variables that may explain
cross-country variation in energy- and labour productivity growth.
5.2. SECTORAL DETERMINANTS OF b-CONVERGENCE
We search for country-speciﬁc sectoral determinants of energy- and labour-
productivity growth by including a number of country-speciﬁc explanatory
variables in the various regression models. We change the ﬁxed-eﬀects model
in Equation (4) as follows:
git ¼ ai þ b lnðyÞi;t1 þ
X5
j¼1
cjx
j
it þ eit ð5Þ
with xi
j the additional country-speciﬁc explanatory variables and all other
variables deﬁned as in Equation (4). The speciﬁed explanatory variables xi
j
are deﬁned at the sectoral level and include:
Energy prices : x1Eit ¼
pE;t þ pE;t1 þ pE;t2
 
3
Wages : x1Lit ¼
wt þ wt1 þ wt2ð Þ
3
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Investment share : x2it ¼
I
Y
Openness : x3it ¼
XGSþMGS
Y
Balassa index : x4it ¼
XGSi=
P14
i¼1
XGSi
P10
s¼1
XGSi;s=
P14
i¼1
P10
s¼1
XGSi;s
Economies of scale : x5it ¼
YS
P13
s¼1
YS
where sectoral indices are omitted for reasons of expositional clarity and with
energy prices (xit
1E) or wages (xit
1L) included, respectively, in case of explaining
energy-productivity growth or labour-productivity growth.
We expect energy prices and wages to be positively correlated with,
respectively, energy- and labour-productivity growth. We took a 3-year
moving average for the energy price and wages to avoid capturing the eﬀect
of short-term price ﬂuctuations, assuming that investments in energy- and
labour-augmenting technologies do respond to a structural trend in energy
price/wage developments rather than to short term ﬂuctuations. By including
the investment share as an explanatory variable we test for the so-called
embodiment hypothesis or a vintage eﬀect, assuming that higher investment
will contribute to increasing energy- and labour-productivity growth via
technological change embodied in new capital goods (see, for example,
Howarth et al. 1991; Mulder et al. 2003). We expect openness to have a
positive impact on productivity growth, since an open sector faces relatively
strong competition as well as exchange of knowledge, both of which we
assume to have a stimulating eﬀect on productivity growth. The Balassa
index is an indictor measuring relative specialization patterns. We expect that
if a country specializes in a particular sector, that that sector will be tech-
nologically relatively advanced, and hence we expect a positive eﬀect on
productivity. Finally, including an indicator for the relative size of a sector
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within a country captures the potential eﬀect of economies of scale on
productivity growth, assuming that a large sector is able to invest relatively
much in R&D and in new capital goods and, hence, might be a technological
leader displaying relatively high productivity growth rates.
In Table IV we present the results of regressing average energy-produc-
tivity growth rates on initial energy productivity levels and these additional
explanatory variables, according to Equation (5).15
From Table IV it can be seen that the estimates of b are again negative in
all sectors, and that all these estimates are statistically signiﬁcant as well (in
most sectors at the 1% signiﬁcance level). The speed of convergence mea-
sured by the half life lies now in between 1 year (Textiles) and 8 years
(Machinery). Compared to the results presented in Table IIIa this means a
higher speed of convergence in most sectors.
Concerning the additional explanatory variables, we ﬁnd that the energy-
price has the expected (positive) sign in all sectors, while the positive impact
of energy prices on energy-productivity growth is statistically signiﬁcant in
Chemicals, Iron and Steel, Non-Metallic Minerals and Paper. This result
makes sense since these are energy-intensive sectors. The eﬀect of the
investment share, openness, specialization, and economies of scale on energy-
productivity growth is, however, limited and with mixed positive and nega-
tive signs. Of these variables specialization, measured by the Balassa index,
and economies of scale, measured by the relative size of a sector within a
country, have the largest statistically signiﬁcant eﬀect on energy-productivity
growth. The Balassa index has a statistically signiﬁcant positive eﬀect in Iron
and Steel and Non-Metallic Minerals, and a statistically signiﬁcant negative
eﬀect in Chemicals, and Paper. The economies of scale eﬀects is statistically
signiﬁcant positive in Chemicals and Non-Metallic Minerals and statistically
signiﬁcant negative in Transport Equipment. We ﬁnd the vintage eﬀect to
have a statistically signiﬁcant positive eﬀect in the Transport sector only. We
use a Likelihood Ratio test to discriminate between the restricted model of
Equation (4) and the unrestricted model of Equation (5), in order to verify
whether the inclusion of the additional variables does make sense at all. The
test results show that for the sectors Agriculture, Food, Machinery and
Transport Equipment we cannot reject the hypothesis that the coeﬃcients on
the additional variables are jointly zero. Thus, in all other sectors the model
has improved by including the additional explanatory variables, but indeed
only to a limited extent. Together with the fact that even after including
additional explanatory variables, the individual country eﬀect still explains
between 66% (Textiles) and 97% (Services) of the total unexplained variance
as shown by q, this suggests other country-speciﬁc factors than those
currently included play an important role in driving cross-country energy-
productivity growth patterns.
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In Table V we present the results for labour-productivity growth.16 The
results reveal (again) negative estimates of b in all sectors. The obtained
estimates are all statistically signiﬁcant, except for Services and Transport
Equipment. The speed of convergence measured by the half life lies now
in between 1 year (Non-Metallic Minerals) and 99 years (Serivces). Com-
pared to the results presented in Table IIIb this also means a higher speed
of convergence in most sectors. We ﬁnd that wages have the expected
(positive) sign in all sectors except for Services, while the positive impact
of wages on labour-productivity growth is statistically signiﬁcant in all
sectors except Services, Chemicals, and Non-Ferrous Metals. Like for
energy productivity, the eﬀect of investment share, openness, specializa-
tion, and economies of scale on labour-productivity growth is limited and
with mixed positive and negative signs. Of these variables, economies of
scale have the largest statically signiﬁcant eﬀect on labour productiv-
ity growth, with statistically signiﬁcant positive eﬀects in Transport,
Chemicals, Iron and Steel, Machinery, Paper and Wood, and a statisti-
cally signiﬁcant negative eﬀect in Services. We ﬁnd the Balassa index to
have a statistically signiﬁcant positive eﬀect in Non-Metallic Minerals, and
a statistically signiﬁcant negative eﬀect in Food and Iron and Steel. The
statistically signiﬁcant eﬀects of openness are positive in the Non-Metallic
Minerals and Paper sector while negative in the sectors Chemicals and
Wood. Finally, again the results do not give much support to the vintage
eﬀect, with Iron and Steel and Non-Ferrous Metals being the only sectors
displaying a statistically signiﬁcant positive eﬀect, while the eﬀect is neg-
ative in Agriculture, Food and Wood. Finally, also for labour productivity
we ﬁnd the individual country eﬀect to explain a large fraction of the total
unexplained variance, in spite of including a range of additional explan-
atory variables. However, contrary to energy-productivity growth, the
results of the Likelihood Ratio test indicate that, except for Transport
Equipment, we can reject the hypothesis that the coeﬃcients on the
additional variables are jointly zero. In other words, for labour-produc-
tivity, the regression model of Equation (5) is a better approximation of
our data than the restricted models of Equation (4).
In conclusion, the extended b-convergence analysis presented in this sec-
tion conﬁrmed that energy- and labour-productivity convergence are con-
ditional rather than absolute, but can only partly answer the question as to
which are the country-speciﬁc determinants of productivity growth driving
the observed convergence patterns. In short, higher energy prices and wages
are found to stimulate, respectively, energy-productivity growth (in the
energy–intensive sectors) and labour-productivity growth, while the role of
specialization, economies of scale and particularly openness and investment
share seems to be limited.
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6. Conclusions
This paper extends the existing empirical analyses of convergence patterns
by providing a unique systematic comparison of energy- and labour-
productivity convergence at a detailed sectoral level for 14 OECD coun-
tries, covering the period 1970–1997. A r-convergence analysis revealed
that the development of the cross-country variation in energy- and
labour-productivity performance depends on the level of aggregation, with
diﬀerent patterns of productivity convergence and divergence across sec-
tors. At the macroeconomic level we found evidence for energy-produc-
tivity divergence, driven by aggregate Manufacturing, as well as labour-
productivity convergence, mainly driven by Services. The Manufacturing
energy-productivity divergence turns out to be caused by the Iron and
Steel and the Non-Ferrous Metals sectors. Moreover, despite a lack of
evidence of labour-productivity convergence at the aggregate Manufac-
turing level, there is evidence of labour-productivity convergence in sev-
eral Manufacturing sub-sectors, with Machinery as the most important
exception in that it shows a clear pattern of divergence (in particular after
1985).
A b-convergence analysis, using a panel-data approach, led to the con-
clusion that in most sectors energy-productivity growth is relatively high in
countries with relatively low initial productivity levels, while in several sectors
this is also true for labour productivity. This result supports the hypothesis
that relatively backward countries tend to catch-up to more advances
economies, in particular in terms of energy productivity, possibly because
they can beneﬁt from the experience and technologies developed by the
countries operating at the forefront.
However, in spite of the evidence of convergence, cross-country diﬀer-
ences in energy- and labour-productivity performance seem to be persistent.
Our b-convergence analysis has shown convergence to be conditional on
cross-country diﬀerences in steady-state characteristics. This is in line with
the results of our r-convergence analysis, which indicated that cross-country
diﬀerences in productivity levels persist, even in those sectors that display a
convergence pattern. Moreover, we found that the speed of energy-produc-
tivity convergence is in general higher than the speed of labour-productivity
convergence. Nevertheless, at the same time cross-country diﬀerences in
energy-productivity levels were found to be still substantially larger than
cross-country diﬀerences in labour-productivity levels at all levels of sectoral
aggregation.
In our search for the country- and sector-speciﬁc fundamentals deter-
mining these (diﬀerences in) energy- and labour-productivity developments,
we found energy prices to stimulate energy-productivity growth in the
energy-intensive sectors and we also found a positive relationship between
SECTORAL ENERGY- AND LABOUR-PRODUCTIVITY CONVERGENCE
wages and labour-productivity growth in most sectors. However, our data
show the cross-country diﬀerences in wages to be considerably larger than
cross-country diﬀerences in ﬁnal energy prices (measured by the standard
deviation of the log of each variable). Hence, they are not likely to explain the
persistent relatively high cross-country diﬀerences in energy-productivity
levels as compared to labour-productivity levels. In addition, we found
specialization and economies of scale to contribute to energy- and labour-
productivity growth in several sectors, while the investment share and
openness play only a very limited role in explaining (cross-country) diﬀer-
ences in energy- and labour-productivity growth. These results imply a need
for additional research to further explain sectoral trends in energy- and
labour-productivity growth across countries.
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Notes
1. The paper by Miketa and Mulder (M&M) follows the same approach as we develop in this
paper, and builds upon the working paper version of this paper (Mulder and de Groot
2003b). The two papers diﬀer in important respects. Apart from studying the manufac-
turing sector as is done in M&M, in this paper we also consider developments in
agriculture, services, transport and a macroeconomic aggregate, allowing us to control for
aggregation bias. Second, we simultaneously look at energy- and labour productivity.
Third, whereas M&M include developing countries in their analysis, we focus on the
OECD, allowing for a more detailed analysis with better-quality data. It enables us to
show that even for a relatively homogenous group of countries, substantial cross-country
diﬀerences exist. Finally, on a more technical note and in contrast to M&M, this paper
employs sector-speciﬁc energy-price data, it considers more control variables in the
conditional convergence analysis, and it employs PPP’s instead of market exhange rates
(as in M&M) to convert monetary variables into a common currency, which is clearly
preferable for a convergence analysis.
2. Although Dollar and Wolﬀ (1988, 1993) distinguish 28 sectors, they only present a labour-
productivity convergence indicator for a few years and did not perform a regression
analysis to test for convergence patterns.
PETER MULDER AND HENRI L.F. DE GROOT
3. An in-depth discussion of this literature is beyond the scope of this paper. For good
surveys we refer to Abreu et al. (2005), Barro and Sala-i-Martin (1995), Broadberry
(1996), Durlauf and Quah (1999), Fagerberg (1994), Economic Journal (1996) and Islam
(2003).
4. Exploratory data analysis also does not provide much evidence for the existence of an
‘Energy-intensity Kuznets Curve’, with a period of increasing energy intensity preceding
decreasing energy-intensity levels as countries get richer. See also Berndt (1978) for a
review of long-term analysis of energy-productivity trends in the US, concluding that the
(scarce) historical evidence of increasing energy intensity in the US in the period before
1910 is mainly attributable to limited data quality.
5. Based on information from the IEA Energy Balances (2001), one can analyze the cross-
country dispersion of the share in total ﬁnal energy consumption of the various energy
types across the OECD countries (measured by the standard deviation of the log of these
shares). Our own analysis reveals a clear trend towards decreasing cross-country variation
in the use of the four main energy types (whereby natural gas and electricity are
increasingly substituted for coal and oil). Hence, one might indeed expect this increasing
homogeneity in energy mix to be an important source of cross-country energy
productivity convergence within the OECD. Details of this analysis are available upon
request.
6. Obviously, r-convergence and b-convergence are closely related. A narrowing dispersion
of cross-country productivity diﬀerences implies that countries with a relatively poor
initial productivity performance tend to grow relatively fast. However, as has been argued
by Quah (1993), a statistically signiﬁcant inverse relationship between the initial level and
the growth rate of productivity performance can be consistent with constant or even
increasing cross-country productivity diﬀerences – a phenomenon known as Galton’s
Fallacy of regression towards the mean. We refer to Bernard and Durlauf (1996) and
Durlauf and Quah (1999) for further discussion of empirical methodological issues of
convergence tests.
7. For a detailed description of the dataset, we refer to an Annex to this paper that can be
downloaded from http://www.henridegroot.net/pdf/annex_isdbe.pdf. The dataset can be
downloaded as an EXCEL ﬁle from http://www.henridegroot.net/pdf/isdbe_dataset.xls.
8. In the literature on convergence analysis, two measures for r-convergence are used
interchangeably: (1) the standard deviation of the log of per capita income or productivity
and (2) the coeﬃcient of variation which equals the standard deviation of per capita
income or productivity divided by the sample average. We have used both measures in our
convergence analysis, ﬁnding both measures to yield an identical pattern of convergence,
although with small diﬀerences in the size of cross-country variance. Details are available
upon request. Here, we only present the result of the ﬁrst measure.
9. Excluding Finland and Italy from the sample for Services reduces the cross-country
dispersion by about 40% while leaving the pattern of r-convergence unchanged.
10. We have also tested for unconditional convergence estimating a pooled Ordinary Least
Squeres Model, but all tests that we have performed clearly point at the relevance of
conditional convergence. Details can be found in the Annex to this paper.
11. From the empirical macroeconomic growth literature – as brieﬂy discussed in Section 2 –
it is known that persistent diﬀerences in, for example, the technology level and institutions
are an important factor in understanding cross-country diﬀerences in productivity and
economic growth. Hence, any permanent unobserved factors would necessarily be
correlated with the initial level of, respectively, energy- and labour productivity (yt–1).
12. In his model, the individual country eﬀect is assumed to be a linear function of the mean
of the explanatory variables and a random country-speciﬁc eﬀect, which is again assumed
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to be a random variable with mean zero and constant variance. As a result this
formulation minimizes the bias induced by the correlation between individual eﬀects and
explanatory variables in a random-eﬀects model – sometimes referred to as the
heterogeneity bias (Chamberlain 1982). For space constraints, the results of this model
are not reported in the main text. They can be found in the Annex to this paper.
13. The regression results as shown Tables III and IV are based on an unbalanced panel, due
to diﬀerences in data availability of the various variables per sector. For each sector we
also list the number of observations and countries included in the regression. We have
tested for the robustness of the presented b-convergence estimates by repeating the
analysis for a balanced panel. This additional exercise showed that the exact results as
reported in Tables III–V do change only slightly while the overall pattern of convergence
and main conclusions still hold. Details are available upon request.
14. Approximating around the steady state, the convergence speed is given by d log(yt)/
dt = k[log(y*))log(yt)]. Rewriting yields log(yt))log(y0) = (1)e
)kt)[log(y*))log(y0)]
where (y0) is the energy- or labour-productivity level at some initial date. From this
equation we can derive that the half life (H) should satisfy the equality e)kH = 0.5 , so
H ¼ lnð2Þ=k.
15. We also controlled for diﬀerent speciﬁcations of energy prices (current prices, 5-year
moving average, and log 3-year and log 5-year moving average), investment share ((I/Y)t–1,
(I/K), (I/K)t–1 and lnðI=KÞt1), as well as an interaction term of investment share and log
initial energy productivity ( lnðY=EÞ0  ðI=YÞÞ. All these speciﬁcations did not substan-
tially alter the estimates. Details are available upon request.
16. For labour productivity we also controlled for diﬀerent speciﬁcations of the explanatory
variables, including wages (current wage, 5-year moving average, and log 3-year and log
5-year moving average), investment share ((I/Y)t–1, (I/K), (I/K)t–1 and lnðI=KÞt1Þ, as well
as an interaction term of investment share and log initial labour productivity
(lnðY=EÞ0  ðI=YÞÞ. All these speciﬁcations again did not substantially alter the estimates.
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